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Proceedings: Second International Conference on Case Histories in Geotechnical Engineering, June 1-5, 1988, St. Louis, Mo., Paper No. 6.33

Failure of an Oil Storage Tank
A. Verghese Chummar
Managing Director, F.S. Engineers Pvl Ltd., Madras, India

SYNOPSIS:
One of the three oil storage tanks constructed failed while being test loaded by filling with water. A detailed
study of soil characteristics and the causes for the failure of only one of the three oil storage tanks is analysed in detail in
the paper. A method of stabilising the weak soil for the re-construction of the tank at the same location is recommended
based on laboratory studies made.

INTRODUCTION

of soil is lateritic clay. The underling layer of 4 M thickness is marine silty clay. The layer following is the
original sea bed formation comprising of disintegrated rock.
The water table is at a depth of about 3 M below ground
level.

One of the three 25 M diameter 15 M high petroleum
product storage tanks constructed at Visakhapatnam in
Andhra State, India, failed during the test loading. A
detailed study of the soil characteristics revealed the
causes for the failure of only one of the tanks. Stabilisation of the weak soil by sand-lime piles for the reconstruction of the tank is also analysed.

The properties of the soil layers are indicated in Fig. 1.
The lateritic clay layer has got a value of cohesion'· in its
natural state of about 1.8 Kg per Sq.Cm. and friction angle
of 11 . The underlying silty clay has got a value of
cohesion of only 0.12 Kg per Sq.Cm. with a friction angle
of ,f • The limit values, natural moisture content and consolidation curves of the marine clay indicate that the layer
is only normally consolidated.

SOIL PROFILE
The Soil Exploration done in this area indicates a general
soil profile as given in Fig. 1.
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ANALYSIS OF BEARING CAPACITY
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The bearing capacity under a system as indicated in Fig.
2 could be analysed considering the layered system analysis,
using the curves given in Fig. 3.
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For a C /C ratio of 0.07 and D/B of 0.25, N value of
1 could ~e ~dopted for computation of the beal-ing capacity. Thus the ultimate bearing capacity,
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The tank loaded upto 15 M with water would give a loading
rate of 1.6 Kg per Sq.Cm. Thus a factor of safety of just
1.12 is available.

Visakhapatnam comprises of low-lying areas with hillocks
in between. The low-lying areas are connected to the back
waters and has got marine silty clay deposits. While raising
the level of the low lying areas for the purpose of constructions, soil from the hillocks which comprises essentially
of lateritic clay was used. The soil profile given in Fig.
1 gives a typical profile of such formation. The top 2 M

Second International Conference on Case Histories in Geotechnical Engineering
Missouri University of Science and Technology
http://ICCHGE1984-2013.mst.edu

MECHANICS OF TEST LOADING
The tanks after construction are loaded gradually by pumping in water. One metre height of water is sustained for
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CAUSES FOR THE FAILURE

FIG. 2. TANK CONSTRUCTION
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The probable cause for the failure is the reduction in the
value of cohesion of the top laterite soil due to inundation.
Value of cohesion of such lateritic clay reduces drastically
when saturated. The samples from the are? after the
failure took place were tested which indicated a value of.
cohesion of 1 Kg per Sq.Cm. with a friction angle of 10.
Under this value of cohesion, the ultimate bearing capacity, Q is 1 Kg per Sq.Cm which explains the reason for
the fa\\ure of the tank when the load was increased from
11 to 11.5 M.

/

An inspection of the tank which tilted by failure indicated
that no damage is caused to the tank shell. It is hence
possible to unload the water in the tank, jack up the shell
and re-erect the tank. However, this could be done only
after stabilising the soil. Stabilisation of the soil by sand-lime piles was therefore recommended. Laboratory tests
were conducted by forming a test tank using the marine
silty clay and providing 2 Cms diameter sand-lime ,Piles with
25% quick lime and 75% sand at a spacing of 20 Cms.
The soil samples collected from the space in between the
piles after a period of two weeks indicate that the shear
strength increases from 0.12 Kg per Sq.Cm. before treatment to nearly 0.6 Kg per Sq.Cm. after treatment. This
clearly indicated that the surrounding soil to the extent
to which the failure wedge formed could be stabilised by
provision of sand-lime piles. The system of sand-lime piles
as indicated in Fig. 5 was therefore recommended to
increase the shear strength allround the tank. The system
is under implementation.
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FIG.3. BEARING CAPACITY OF LAYERED SVSTEM
.

a period of nearly seven days allowing the settlement to
take place. In this process certain amount of consolidation
of the underlying layer is achieved, increasing its value
of cohesion and thus gradually increasing the bearing
capacity. Two tanks were tested in this form successfully.
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FAILURE OF THE TANK
The third tank while being loaded, when water level was
being raised from 11 to 11.5 M, there was heavy downpour
inundating the area. Bearing capacity fa.ilure of the tank
as indicated in' Figs.4 & 6 occured, the tank sinking by 1.5'
M on one side and I M on the opposite side over a period
of five minutes. Failure wedge bulged out all around.
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FIG.5. STABILISATION BY SAND LIME PILES
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shear strength of the top crust of lateritic clay due to inundation by rain fall. The existing tanks are found to be
stable, the test loading being conducted during dry season
with the underlying layer having achieved increase in shear
strength by consolidation.
For future constructions and
re-erection of the failed tank stabilisation of the soil by
sand-lime piles is recommended.
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FAILED TANK

CONCLUSIONS
Verghese Chummar, A. - Soil Exploration Report No. 930
- Construction of Oil Storage Tanks at Visakhapatnam

The failure of the tank took place because of reduction in
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